New geophysical complex-field approach to modelling dynamics of heat-mass-transfer and ventilation in atmosphere of the industrial region New generalized approach, including Introduction. Studying energy-, heat-, mass-transfer in continuous environments such as atmosphere or other geospheres, remains one of the most actual, complicated and important problems of the modern physics of aerodispersed systems, atmosphere, climate and environment physics etc. The most difficult aspect of the problem is modelling processes of energy-heat, air mass-transport, dissipative and relaxation, self-cleaning, particles (for example, radioactive) deposition etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . At present time there is a number of different simplified models that allow to estimate the temporal and spatial structure of air ventilation in an atmosphere, and as a rule, these models are based on the laws of molecular diffusion, as well as a system of regression equations [1] [2] [3] [4] [5] . The most of these models have a number of disadvantages; for example, the known flare model or molecular diffusion models do not work if the atmosphere contains elements of convective instability. Moreover, the majority of the models are relatively simple and do not take into account the transience wind field, the mutual influence of the many sources of pollution etc. More sophisticated approaches such as different versions of the Lagrangian Particle Dispersion Models, model of the European Center for Medium-Range Weather Forecasts (ECMWF) and others [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and Refs. therein) provide significantly more accurate results, however, such approaches require very complicated simulation and very correct input parameters data. Going on our studies [6, 9, [18] [19] [20] [21] [22] , here we present an advanced approach to the simulation of heat and air ventilation in atmosphere of an industrial region (so called local scale atmospheric circulation complex-field (LACCF) approach). It includes an improved theory of atmospheric circulation in combination with the hydrodynamic forecast model (with quantitatively correct account of turbulence in the atmosphere at local scales) and the Arakawa-Schubert model of cloud convection.
(the real involving masses effect is created due to misbalance of vertical and downrunning streams), the Arakawa-Schubert equations system for humidity and warm flow equations are solved [3, 6] . Flowchart of the ventilation over the urban region territory by air flows in a presence of the cloud's convection is presented in Figure 1 and explains the key physical processes in a system. Let us remind that the known effect of creation of the mesojets which are formed in the ventilation currents as the Couette flows. If square of a cloud base is smaller than a square of cross-section of the dry thermal top, than the ventilation current can not be appeared due to a lack of power of a cloud in the formation of the involvement meso-jets. If a square of the cloud base is substantially larger than a square of cross-section of the dry thermal top, a ventilation current captures several dry thermals, or else compensate a mass-balance current by an involvement current from the periphery of the city. A signal of the destruction of the thermal air mass over the city is the appearance of convective cloudiness over the city territory. Basically convective clouds that move to the city territory, are formed by ridges on the secondary fronts or in the lines of convective instability arising in the real synoptic processes. On top of the thermal mass of the city there is no restriction in the air exchange in the absence of a closed circulation there, "bordering" heat "hat" of the city. However, an extract of the lower layer of air from the air basin of the city should take place through a vertical convection current in a dry thermal. Indeed there is a complex picture of the anisotropic flow vortex structure over the urban region. The turbulent eddies over the urban area must be in the interaction resonant contact with the turbulent eddies of cloud-based arrays in order to obtain a successful air ventilation. In fact the currents of the front convection must coincide with currents of thermal convection of the city in the phase setting. The physical features of air ventilation predetermine the necessary modification of the well-known Arakawa-Schubert model. The model includes the budget equations for mass, moist static energy, total water content plus the equations of motion [3, 6] : 
where E is an inflow, D is an outflow, erage values of vertical speed, statistical energy and the ratio of the mixture of water vapor; s ɶ , q ɶ -average statistical energy and the ratio of the mixture of water vapor in the ambient air, p -air density; c is an amount of the condensed moisture. If e is an amount of evaporated moisture, L -specific heat of phase transitions, then the equation of heat and moisture influx will be as follows [3, 6] :
The spectral representations in ensemble of clouds:
( ) ( )
If А is a work of the convective cloud then it consists of convection work and work of down falling streams in the neighbourhood of a cloud:
Here λ is a speed of involvement, m B (λ) is an air mass flux, K(λ, ′ λ ) is the Arakawa-Schubert integral equation kernel [3] , which determines the dynamical interaction between the neighbours clouds. In the case of air ventilation emergence, mass balance equation in the convective thermals is as follows [6] :
Here β is parameter which determines disbalance of cloud work due to the return of part of the cloud energy to the organization of a wind field in their vicinity, and balance regulating its contribution to the synoptic processes. The solution of the Eq. (2) with accounting for air stream superposition of synoptic processes can be determined by a resolvent method:
The key idea [6, [18] [19] [20] is to determine the resolvent as an expansion to the Laurent series in a complex plane ζ. Its centre coincides with the centre of the city's "heating" island and the internal cycle with the city's periphery. The external cycle can be moved beyond limits of the urban recreation zone. The Laurent representation for resolvent is provided by the standard expansion:
where a is center of the Laurent series convergence ring.
The method for calculating a turbulence spectra inside the urban zone should be based on solving the system of equations for the Reynolds tensions, moments of connection of the speed pulsations with entropy ones and the corresponding closure equations [19, 22] . The important parameter of the turbulent processes is the kinetic energy of turbulent vortices
, which can be found from the equation (with physical explanations of any term):
Advection Turbulent diffusion Effect of forces of the tension
Interaction: Reynolds tensionaveraged motion
Accounting for swimming forces
Here g is the magnitude of the acceleration vector due to the planet's gravity, θ 0 is the equilibrium potential temperature, θ′, p′ are departures from equilibrium values. The speed components, say, v x ,v y , of an air flux can be determined in an approximation of "shallow water" [6] . In contrast to the standard difference methods of solution, here we use the spectral expansion algorithm [24, 25] . The necessary solution, for example, for the v x -iv y component for the city's heat island has the form of expansion into series on the Bessel functions.
From the other side, a air flux speed over a city's periphery in a case of convective instability can be found by method of plane complex field theory (in analogy with the Karman vortices chain model) [6, 19] :
Here Г k -circulation on the vortex elements, created by clouds, b k -co-ordinates of these elements, Γ -circulation on the standard Karman chain vortices of, l -distance between standard vortices of the Karman chain, ζ -co-ordinate of the convective perturbations line (or front divider) centre, ζ 0 -kl -co-ordinate of beginning of the convective perturbation line, ζ 0 +kl -co-ordinate of end of this line. The indicated parameters are the input model ones.
Equating the speed components determined in the shallow water model and model (9) , one can find spectral matching between the wave numbers that define the functional elements in the Fourier-Bessel series with the source element of a plane field theory. Let us underline that using this procedure allows significantly to simplify a solving the whole problem. It is also worth to remind that any vector field u can be separated into rotational and divergent parts, i.e., u = ∇ψ + u χ (the Helmholtz's theorem). If the vector field is a horizontal wind, one can define a current functionψ, to express the rotational part, and a velocity potential χ, to express the divergent part. Namely these parameters are of a great interest in applied analysis of an air ventila-tion in the urban zone. Below we present the results of test computing the air ventilation parameters for some complicated synoptic situations in the Odessa city.
Some results and conclusion. The modelling has been fulfilled with using natural and model data on a cloudiness and convection and the "Geomath" PC code [6, [18] [19] [20] [21] [22] [23] has been used. The data of modelling an air flux parameters over the territory of Odessa (model synoptic situation), as well as the area of the Fukushima power plant after accident are presented. The corresponding model situation on cloudiness is absolutely real. Basically, it was assumed that the clouds (designed as black squares) run from the sea by two lines of convective disturbances and penetrate deep into the Gulf of Odessa. The distance between the convective clouds was assumed to be 300 to 700 meters. The figure is oriented so that the sea is in the right part, the borders of a figure Figure 2 are not signed, as modular values depend on many factors, notably than intensity of convection, which determines the involvement currents power and density of cloud arrays. In whole, ventilation is manifested in the focal point from the sea side. The field of the current function in Fig.2b in this case is consistent with the field of the ventilation potential.
Another application the LACCF approach is studying the air mass ventilation in the region of the Fukushima nuclear power plant (FNPP) after accident of Marc 2011. We have carried put calculation of the ventilation potential and the current function at FNPP analogously to the previous ones and compare the obtained data with the similar theoretical ECMWF model data and observed ones (see [26] [27] The detailed analysis will be presented in the separate paper. Here we only note that the ECMWF modeled air transfer speed is often higher than the observed values, which is consistent with the difference in heights between observations [27] . While the LACCF1 our data (model parameters, taken according to methodics [6] ) are not in good agreement with the observed data, on the contrary, LACCF2 our data (calibrated parameters are corresponding to real meteodata) are quite realistic in agreement with the observed ones. That is significantly provided by using the real input parameters values. During March 15, the LACCF 2 data indicate the realistic (northnorth-west) air mass (plume) travel direction, whereas the ECMWF modeled direction is mostly west. Obviously, the approach presented can be effectively used in quantitative studying a local scale atmospheric ventilation (air mass transfer), however, as minimum, its further development requires an improvement of the input parameters values choice, possibly using more correct approximation of the "shallow water" model, atmospheric turbulence modelling, region orography accounting etc.
